The theory of neural circulation illustrates the use of the analogy, which is employed in the exploration and establishment of scientific concepts, and this technique in its simplest form as applied to medicine and biology must, therefore, be examined. In the New Oxford dictionary, one of the definitions describes it as "Resemblance of form or function between organs which are essentially different (in different species) ....9"2 Thus, Sir Humphry Davy in 1814 wrote: "Linnaeus, whose lively imagination was continually employed in endeavours to discover analogies between animal and vegetable systems, conceived that 'the pith performed for the plant the same functions as the brain and nerves in animated beings'...."s It is likely that philosophers might not agree with the use of the term "analogy" in some of the examples to be cited below. It is true that on occasions "similitude", "comparison", or "resemblance" may be more appropriate. In very few, if any, of the cases to be mentioned has the logical argument by analogy been carried out step by step in the way that the philosopher demands. Thus, most examples are where the analogy has been "noticed", "perceived", or "suggested", and where there was no formal reasoning on the lines of the logical paradigm of an argument from analogy.
The neural circulation It has been suggested that in these cases the term "analogical act" should be used. 4 The analogy as a philosophical term will not be considered here, nor its use in the physical sciences," where it has been said that having climbed to the abstract mathematics by means of the analogy, the analogical ladder can then be thrown away." Nor will mention be made of the analogy in chemistry,7 or logic.
Basically the analogy is an aid to discovery, by suggesting clues and hypotheses. It is a method of using the known to elucidate the unknown, but it is a resemblance between the relationship of things, rather than between the things themselves. Thus a bodily organ of known structure has a certain function. Another organ with similar structure, by analogy may also have this function. The analogy, being like a guide post, then generates hypotheses, with the prospect that ensuing investigations may shed light on the known as well as on the unknown, and, in this case, also on the function. Many significant and revolutionary advances in science have been made by individuals who have detected analogies not seen by others, and some analogical acts have been strokes of genius, resulting in a new basis for further development of a science.
An analogy never proves anything and it can even be dangerous if it cannot be verified. Moreover, if it masquerades in the place of explanation it is valueless.8 But even an erroneous analogy may be profitable, as was the case with Malpighi. In his anatomical studies of animals, he encountered insuperable difficulties, and, therefore, looked instead at their analogues, the plants, thereby founding the science of plant anatomy.9
Analogies have been used in medicine since the Ancient Greeks. 
293
Edwin Clarke the Hippocratic physicians of the fifth century B.C. noted that a skin ulcer produced pus, blood, and tissue debris. If these appeared in the urine, by analogy the patient must have an ulcer of the bladder.'1 Other Greeks used the analogy in attempts to understand the movement of body fluids, the theories of conception, of respiration, and of nutrition, the formation of bladder stones, and the varieties of congestion.'2
In medicine and biology, mechanical or chemical analogies are especially useful, and they were very common in the seventeenth century. Thus Descartes was concerned with analogies between mechanical and physiological action, and Willis and Mayow with chemical and physiological action. Fruitful analogies between physiological processes and physical phenomena, such as rainfall, earthquakes, and cosmology, were also employed, and the analogy became the corner-stone of comparative anatomy.
It has, in fact, been claimed that in medicine and biology it is almost possible to trace historical progress by observing how analogies have helped discoveries.'3 Examples are plentiful. Thus, in neurophysiology there are many, including the following: nerve transmission and electric current; the brain and the telephone switchboard or the electronic calculating machine; the eye and the camera; the eye and the photographic plate; and the many analogies employed to understand memory.
The value of analogy in clinical medicine is also considerable, as Murphy points out in his recent book The logic ofmedicine, where he discusses its relations to etiology, treatment, and measurement."4 However, no attempt has so far been made to survey historically the use of the analogy in the evolution of medicine. In the ensuing discussion the various uses of analogy will be noted, further to illustrate their value in medicine.
III. THE NEURAL CIRCULATION
Henricus Regius (1598-1679)
The neural circulation was first proposed by a Dutchman, Hendrik de Roy, better known as Henricus Regius"' (Figure 1) . He was professor ofmedicine in the University of Utrecht, and was described by 
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The neural circulation mind".16 He supported Descartes enthusiastically and was the first openly to confess Cartesian physics."7 He is remembered in the history of hydraulics for an early account of capillarity, and he was the first to describe in print the "inverted syphon" experiment.18
Regius' account of the neural circulation appears in his book Fundamenta physices of 1646,19 but before examining it, some knowledge of the two seventeenth-century theories of nerve function is necessary. First, there was a physical theory whereby the nerve was thought analogous to the vibrating cord of a musical instrument, later to be associated with Newtonian ether.20 Second, was the much more popular idea that the nerves were hollow and that along them travelled a substance, either animal spirits or nerve fluid, which was prepared in the brain from the blood and subserved motor and sensory functions. It is this theory that is the basis of Regius' neural circulation, which he described as follows: "The animal spirits, after being distributed from the brain to the whole body, are dissipated partly by insensible transpiration and partly by entering the veins, where they mingle with the blood and return with it to the heart. From there they proceed to the brain and again into the nerves."'21
Thus, to use the immortal words of Harvey, the nerve substance had ". . . a certain movement, as it were in a circle...."22 Regius proved this to his own satisfaction, by an analogy with the slug. He put one in a bottle and observed that when it moved, bubbles could be seen in its body moving from tail to head (Figure 2 ). When it stopped, they stopped. It is important to observe that the animal was crawling on the glass of the bottle and thus revealed its sole or foot to the observer. Regius concluded as follows: ". . . a kind of circulation of spirits seems to occur in the movement of the slug, so that they pass from the tail through the belly to the head, and return from the head along the back to the tail, from there to proceed again to the head. Edwin Clarke reference to intra-corporeal bubbles.24 At this point the problem could be abandoned, and the observation attributed to Regius' pre-conditioned mind. However, there are occasions when incomprehensible passages of a text can be elucidated by a technique known as "practical history".25 This simply means re-creating the experimental situation facing the original observer. In the present case, it was only a matter of putting a garden slug on a piece of glass and observing it in motion from below, just as it is depicted in Figure 3 . The solution is immediately obvious: the "bubbles" derive from the slug's mode of propulsion, which is based on metachronal rhythm producing a wave-like motion.26 It is also partly an optical effect, and one sees dark areas rounded at the front which appear to proceed along the slug's foot from tail to head, but only, of course, when it is moving. They give the appearance of being actually in the body of the animal, and it is easy to see how Regius was deceived. They seem to disappear at the head and reappear at the tail, so that his assumption that they moved continuously in a circle, although incorrect, is also understandable.
Similar observations were reported by Walter Charleton (1620-1707). 
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The neural circulation encountered in the description can be resolved.30 Harvey used a variety of animals, many of them "slow-blooded", as Dr. Whitteridge appropriately calls them, but for obvious reasons in his case.31 Malpighi saw the capillaries in the frog,32 and Leeuwenhoek the red blood cell in the tadpole."s In 1795 Johnstone was testing drugs on snails and extrapolating to man,M4 and it is well known that this type of uncritical transference has not been entirely confined to earlier centuries. A history of the great variety of long-suffering experimental animals would make a useful study, so far neglected. In passing it should be mentioned that quite recently the snail has become a popular experimental animal for basic research on the development of the nervous system and on behaviour.35
Regius' circulatory system of 1646 survived for about 100 years, because in Boerhaave's Academical lectures of 1743 we find a description of it and the comment: ". . . so that there seems to be a Circulation of the nervous Juice not unlike that of the Blood and other grosser Humours of the Body."36
Factors influencing Regius
There appears to have been at least five scientific factors which could have influenced Regius in the creation of his concept of neural circulation. They are as follows: (i) The first is the only one he mentioned, and this is the analogy with the slug.
(ii) The second could have been his researches on hydraulics, but he made no reference to them when describing the circulation in the nerves. (iii) However, the third, the analogy with the circulation ofthe blood, is ofundoubted significance. Regius, like Descartes, was an enthusiastic supporter of Harvey, and he was fully committed to the new physiology.37 Here, the argument by analogy proceeds as follows, although Regius presumably did not adopt this formal approach. A set of phenomena A is like a set B with respect to properties x and y. But A also has property z and it is highly likely that B will have it also. Thus the caidiovascular "°Edwin Clarke Edwin Clarke and nervous systems have certain properties in common, such as a substance contained in hollow tubes. But it is known that the blood circulates through the blood vessels, and it is therefore possible that the animal spirits or nerve fluid will likewise circulate, in this instance through the nerves.
The physiological concept of circulation is redolent with analogies and "analogical acts", some of which were used by Harvey, and, therefore, must have influenced Regius. As is well known, thanks especially to the illuminating studies of Pagel,-8 the symbolism of the circle was a potent factor in Harvey's reasoning, and it is clear that he had been affected by several earlier analogical assertions of the circular motion of the blood, as probably had been Regius. First, there is the classic one, between events in the macrocosm, or universe, and similar events in the microcosm, the human body. For example, there is Aristotle's analogy between the movement in a circle of water that rises as vapour and descends as rain, and the circular motion of blood in man.39 Likewise Aristotelian cosmology provided a fruitful analogy between the circuits of celestial bodies and circular motion in man. There was also a chemical analogy, whereby blood was thought to be distilled and perfected.40 The cyclical pattern in generation, which Harvey observed, is also to be noted.," Indeed, the method of describing circulation as a biological phenomenon is analogical rather than inductive.'2 Moreover, the circle continued to be significant well into the seventeenth century. There was Riolan's third, or coronary, circulation of 1648,43 and the lymphatic circulation, which was revealed in the 1650s." Pagel draws attention to the circulation of the bile described by Reverhost 
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The neural circulation systems: "He who admits the one circulation, cannot repudiate another."48 (iv) The fourth influence on Regius was that of Descartes and his mechanistic philosophy, based on his analogy of the body with a machine. He added to the model of nerve function by postulating valves in the nerves, which regulated the flow of the animal spirits.'9 Clearly he was making an analogy with the valves of the veins in Harvey's circulatory system. Regius accepted them, and Willis mistakenly gave him the credit for the modification, at the same time making another analogy, suggesting that the valves were little doors, like those in musical instruments.50 However, Descartes made no reference to a nerve circulation,51 although some have seen it in the afferent and efferent limbs of the reflex, a concept that he was the first to describe, albeit in a primitive fashion.52 The statement of Aristotle that all motion is based on a cyclical repetition of pushing and pulling would also be influential here,53 and likewise the to-and-fro movement akin to Aristotle's triangular motion, referred to by Harvey when discussing the problem of motor and sensory function in the same nerve." (v) The fifth and final influence acting on Regius would be the contemporary knowledge of the nervous system, readily available to him, and also to others during the 100 years' span of the theory. To postulate a circulation in the nervous system analogous to that of the cardiovascular system, the following components are essential: (a) a substance analogous to the blood; (b) channels analogous to the blood vessels; (c) a pump analogous to the heart; (d) a nutritional function analogous to the arteries and their blood. All these were to be found in the medical literature of the seventeenth and eighteenth centuries. 
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Edwin Clarke Greeks and it was accepted throughout the seventeenth century.5 In the eighteenth century a nerve fluid or juice or an etherial substance was considered more likely.,6 However, the general concept of something moving along the nerves lasted until the end of the eighteenth century, and even when electricity took over there was an overlap, because at first it was thought to be a fluid. 57 The animal spirits or nerve fluid were produced in the brain, and here the analogy was with an alembic which provided a rarified distillate of the blood, the nerve substance."8 Different places in the brain for this process to take place were suggested, the most popular being the cerebral cortex. For this purpose the brain was thought to be a gland, again an idea originating with the Greeks,59 and persisting well into the eighteenth century, in part due to a false analogy made by Malpighi. He made it between the glandular organs, the structure of which was to some extent known, and the brain, the structure of which was quite unknown. Influenced also by the traditional notion of the brain as a gland, he found what he was looking for: gland-like bodies in the cerebral cortex.60 Unfortunately he was deceived by an artefact, because these "bodies" were areas of avascular cortex delineated by capillaries, an enigma also solved by "practical history".6' According to Descartes the animal spirits were composed of very small bodies, and his analogy was that they move ". . . like the particles of a flame which issue from a torch.."62 They were considered to be the most subtle and finest constituent of the blood, and were almost universally accepted, for as one author put it, "We cannot imagine that anyone can either doubt of the existence of these Animal Spirits, or that they serve for Motion and Sense.. The neural circulation and Lymph are perpetually distributed or moved into all the vascular Parts of the Body, so we also understand that the Juice separated by the Cortex of the Brain and Cerebellum is continuously propell'd from thence through the Nerves.... 66
It is fascinating to trace the notion of nerve function over the centuries."" The basic assumption of a substance moving along the nerves remained the same, because it seemed so clearly to be correct. To earlier minds there could be no dispute: cutting a nerve produces loss of function distally, obviously due to the interruption of centrifugal flow, just as when an artery is ligated. The name of the nerve substance changed over the years, and as new physical and chemical forces were discovered, so they were applied to nerve function. The idea acted, therefore, rather like a mirror of advances in science, or a barometer of changing scientific opinion. (b) Conducting channels. The second pre-requisite for a neural circulatory mechanism is a system of tubes, analogous to blood vessels. That is, the nerves had to be hollow, or at least capable of allowing the nerve substance to pass along them. Like the idea just discussed, the history of the hollow nerve is one of the longest of all medical concepts. It began about 500 B.C. and lasted almost to the end of the eighteenth century. 7 The influence of Aristotle's concept of nerves arising from the heart as arteries, gradually losing their lumens and becoming solid as they passed peripherally68 may have had some influence, for Cesalpino69subscribed to it and it was still being discussed in the mid-seventeenth century.70 Many analogies or "analogical acts" were applied to the hollow nerve. Thus, the ones leaving the brain were thought to be analogous with the excretory ducts of a gland,71 or with a river system, or with a musical instrument.72 However, Descartes' analogy is the best known.73 He considered them analogous to the water-pipes and other hydraulic mechanisms in the fountains and grottoes of the royal gardens at St. Germain-en-Laye. Several authors pointed out that the progression of a nerve's contents through its lumen was derived from the force of the heart and arterial contraction.74
Throughout the period 1650 to 1750, unqualified hollowness was claimed by many, and artists depicted this in their drawings.75 They were, however, illustrating an idea 301.
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Clarke not an anatomical fact, so that art was being prostituted to theory. Despite advances in macroscopical and microscopical anatomy, the hollow nerve notion persisted, and it provided an excellent example of how anatomy can be subjected to theory or in other words, how function can dictate concepts of form. As just noted, the idea of nerve function based on a substance flowing in nerves seemed incontestable. Therefore, the nerves had to have cavities, even if they could not be seen. Here an analogy helped: in a tree trunk no conduits can be detected and yet water obviously ascends through it to the leaves.76 Riolan put it succinctly, "A Nerve is a Channel made to carry animal Spirit; and because the spirit is most subtil, therefore the Cavity is so smal, that it is not discernable."77 Here, both nerve and nerve substance were being made to fit the theory.
A further argument was that if the nerve is not hollow, then it must be porous to allow spirits or fluid to pass. Another explanation arose when it became known that nerves are made up of ifiaments or fibres, for these must be hollow, like fine pipes, or as Heister described them, "real Vessels".78 In 1717 Leeuwenhoek with his remarkable microscope detected this "hollowness", but once again he was deceived by an artefact.79 The eminent Albrecht von Haller, the most outstanding medical scientist of the eighteenth century, in 1747 also pronounced the nerve filaments to be hollow, and "to function by means of the fluid in them".80 Descartes made use of the nerve filaments in a unique way. His concept of sensory and motor function as in a spinal reflex was based on an analogy reminiscent to us, but not to him, ofthe flushing toilet with overhead cistern.8' A painful stimulus, say to the foot, made the filaments of the nerve move so that they opened small trap doors in the walls of the cerebral ventricles. The animal spirits contained therein poured down the nerve and caused the limb to be withdrawn.
The universality of the hollow nerve theory was emphasized by Cheyne in 1733. He claimed that ". . . scarce one (except here and there a Heretick of late) has call'd this Catholick Doctrine in question ...."82 But soon, an analogy between nervous
The neural circulation and electrical fluid was to be made,83 and the days of the hollow nerve theory were numbered. Nevertheless, outposts of belief persisted into the nineteenth century, and in 1825 Bogros in France was still convinced of the nerve's hollowness, and claimed that he had experimental evidence to prove it.84 Even in 1842, Gerber of Berne thought nerve ifiaments might be ".... ranked among the true vessels...."Il (c) A pump is the third essential for a circulatory system. The analogy is now between the heart and the brain. Pulsation of the brain had been observed by the Ancient Egyptians,86 the Ancient Greeks were well aware of it,87 and Oribasius of the fourth century A.D. analysed it carefully.88 The Renaissance anatomists, however, varied in their opinion. Fallopius denied its existence,89 whereas Columbus in 1559 said, ". . . it is not the heart only that has a continual diastole and systole. The brain also has it... "90
Others made the same analogy, observing that in diastole the brain draws in blood and in systole the nerve fluid or spirits are pumped out into the nerves, just like blood out of the left ventricle.
The actual mechanism of brain motion, however, induced much controversy.91 Some thought it came from the brain, others from the dura mater. The latter was compared with the pericardium and was thought to be able to contract. Thus Baglivi considered it to be a second heart, the cor cerebri, or the heart of the brain. An additional mechanism was added by Lancisi.92 it is this which commands and makes the rest live and act. Nothing in the three kingdoms of nature has so high a function: here reside the vitality, the energy of each of us. It is the incarnation of the soul, its elements, so to speak, and its material aspect."1107 It could almost be from Harvey's pen, now in support of a neurocentric, rather than a cardiocentric, system.
In fact, relics of Cullen's neurocentric system, to which the notion of neural circulation contributed, are still with us today, mainly in the fringes of medicine. We hear of nerve force, nerve exhaustion, and nerve tonics to revitalize the whole constitution. There may also appear to be other links between the neural circulation and presentday knowledge. Thus we now know that axoplasmic flow exists in nerve fibres,'08 but there can, of course, be no suggestion that it began with Regius' system, or that, in other words, "he was right after all" as some might say. Another latter-day neural circulation was described twenty years ago by Dr. William Gooddy in a thoughtful paper, 'The circulation of the nerve impulse'.109 He also surveyed the nervous and cardiovascular system analogy, but used modern neurological and cardiological data, and he pitched his analogy at the level of the nerve fibre and the red cell. His neural circulation is based on the afferent-efferent neuronal pathways, and this type of circular motion has been noted when discussing Descartes' concept of nerve function. Perhaps the present paper only provides a historical background to Dr. Gooddy's thesis. However, as with the axoplasmic flow in this instance also, it must not be suggested that the historical, that is the neural circulation of Regius, begot the modern. However, their main feature in common is the captivating "mystery and wondrousness" as Gooddy phrases it, of the circle's endlessness.
IV. CONCLUSION
My circuitous considerations of a circle-centred theme brings me full-circle back to Sir Norman Moore."10 In his Fitz-Patrick Lecture for 1905 he mentioned Dr. Baldwin Hamey, Junior, a Censor of the Royal College of Physicians in 1640 and a Fellow for forty-two years. Dr. Hamey noted Copernicus' theory of the earth circling the sun, that is the macrocosm, and Harvey's circulation of the blood, that is the microcosm, and he composed a graceful and appropriate epigram linking the The neural circulation two; had he known of the postulated neural circulation he would have judged it even more appropriate. I shall be in excellent company when I end this Fitz-Patrick Lecture, as did our President his Harveian Oration, in Latin:"1" tunc agit atque agimus nos rota, nosque rotam ("then are we all in a wheel and a wheel is in us all").11'
SUMMARY
The discarded theories of the past must be examined just as thoroughly as those that have survived to the present day. The neural circulation (1646 to c. 1750) has been superseded, but nevertheless was accepted by many, and after its decease influenced the theory of nervous system omnipotence, which held sway at the end of the eighteenth century. The concept of a circulation in the nerves was introduced by Henricus Regius (1598-1679), and the evidence in support of it is reviewed here. The analogy with the cardiovascular system had a potent etiological effect, and the use of the analogy in other aspects of medicine is discussed. By employing "practical history", Regius' use of a phenomenon seen in slugs and transferred by him to man has been elucidated. 
